Reactions of dichlorobis(cyclopentadienyl)zirconium(IV) with pyridinedicarboxylic acids viz. quinolinic acids (QAH 2 ), 2,4-pyridine dicarboxylic acid (PAH 2 ), isocinchomeronic acid (IAH 2 ), cinchomeronic acid (CAH 2 ) and dinicotinic acid (DAH 2 ) were carried out in different stoichiometric ratios. Complexes of the type Cp 2 Zr(QAH)Cl, Cp 2 Zr(QAH) 2 , Cp 2 Zr(PAH)Cl, Cp 2 Zr(PAH) 2 , Cp 2 Zr(IAH)Cl, Cp 2 Zr(IAH) 2, Cp 2 Zr(CAH)Cl, Cp 2 Zr(CAH) 2 , Cp 2 Zr(DAH)Cl and Cp 2 Zr(DAH) 2 were obtained. These new complexes were characterized on the basis of their elemental analyses, electrical conductance, magnetic moment and spectral data.
Introduction
Despite the discovery of cis-platin in the treatment of cancer [1] [2] [3] [4] , there has been a considerable exploration on the antitumoral activity of the other transition metal complexes. Recently, much attention has been paid on the titanium based complexes, which could have significant potential effect against solid tumour. Cp 2 TiCl 2 reached phase II clinical trials, but its efficiency in patients with metastatic renal cell carcinoma 5 or metastatic breast cancer 6 was too low. Zirconocene dichloride is a poor antitumour agent 7 . Metallocenes and metallocene dichlorides have also been shown to effect the metabolism of certain drugs. Paralysis induced in rats by the drug Zaxozalamine (2-amino-5-chlorobenzoxazole) was prolonged by the injection of Cp 2 TiCl 2 , Cp 2 ZrCl 2 and Cp 2 HfCl 2 8 . Pyridinedicarboxylic acids have been found on the basis of the reported x-ray molecular structures to be interesting and versatile ligands 9 . A very important characteristic of pyridinedicarboxylic acids is their diverse biological activity 10, 11 . 2,4-and 2,5-Pyridinedicarboxylic acids are found to inhibit the enzyme GA 2β -hydroxylase and its mechanistically related enzyme proline 4 -hydroxylase 12 . Sengupta et al. 13 synthesized the ruthenium(II) complexes of 2,3-, 2,4 -and 2,5-pyridinedicarboxylic acids and found interesting results. More recently, Chen et al.
14 synthesized many new heterometallic complexes of 2,3-pyridinedicarboxylic acids.
A survey of the literature reveals that no work has been carried out on the reactions of Cp 2 ZrCl 2 with quinolinic acid, 2,4-pyridinedicarboxylic acid, isocinchomeronic acid, cinchomeronic acid and dinicotinic acid. It was, therefore, considered of interest to carry out the reactions of dichlorobis(cyclopentadienyl)zirconium(IV) with quinolinic acid, 2,4-pyridine dicarboxylic acid, isocinchomeronic acid, cinchomeronic acid and dinicotinic acid. The structure of the ligands used is given below. 
Experimental
THF(Ferak, Berlin, FRG) was dried according to the method described 15 . Triethylamine and n-hexane were dried by the standard method 16 . Dichlorobis (cyclopentadienyl) zirconium(IV) (Aldrich), quinolinic acid (Aldrich), 2,4-pyridinedicarboxylic acid (Aldrich), isocinchomeronic acid (Aldrich), cinchomeronic acid (Aldrich) and dinicotinic acid (Aldrich) were used as supplied. Stringent precautions were taken to exclude the moisture from the system. The reactions were carried out under dry nitrogen with system well protected from atmospheric nitrogen by means of calcium chloride guard tubes.
Analysis for carbon, hydrogen and nitrogen was carried out at the Central Micro Analytical Laboratory of IIT, Kanpur. Zirconium was estimated gravimetrically as ZrO 2 . Chlorine was determined as AgCl. The IR spectra were recorded on a Perkin -Elmer 1710 Infrared Fourier Transform spectrometer in the region 400-4000 cm -1 in KBr pellets. The electronic spectra of the complexes in chloroform were recorded on a Shimadzu UV-260 spectrophotometer.
Preparation of complexes
A general procedure was followed to synthesize the complexes of Cp 2 ZrCl 2 with quinolinic acid, 2,4-pyridine dicarboxylic acid, isocinchomeronic acid, cinchomeronic acid and dinicotinic acid which involved the mixing of the reactants in anhydrous tetrahydrofuran at room temperature in the presence of triethylamine. The reaction mixture was stirred for ~ 32-42 hours. The precipitated Et 3 N.HCl was filtered off and the solvent was removed under reduced pressure. The product so obtained was recrystallized from a n-hexane/ THF mixture. The relevant details of the preparative method used and the complexes obtained are summarized in Table 1 . The analytical data of these complexes are tabulated in Table 2 . 
Results and Discussion
Reactions of Cp 2 ZrCl 2 with different pyridine dicarboxylic acids viz. quinolinic acid, 2,4-pyridine dicarboxylic acid, isocinchomeronic acid, cinchomeronic acid and dinicotinic acid in 1:1 and 1:2 molar ratios in anhydrous THF in the presence of triethylamine at room temperature may be represented by the following general equation: (Where Cp = cyclopentadienyl; LH = QAH 2 , PAH 2 , IAH 2 , CAH 2 , or DAH 2 ) All the complexes are crystalline, and extremely sensitive to hydrolysis. The complexes are soluble in tetrahydrofuran and chloroform but insoluble in n-hexane and petroleum ether.
Magnetic susceptibility values at room temperature of these complexes show their diamagnetic nature. The electrical conductance measurements of these complexes in acetone showed them to be non -electrolyte.
The IR spectra of the complexes invariably exhibit the usual absorptions due to cyclopentadienyl groups at ~ 3100 cm 17 . The persistence of the bands of cyclopentadienyl rings in the complexes indicate that these groups are π-bonded to the metal and retain their aromatic character. The IR spectral data for the dicarboxylate complexes exhibit the presence of both the "free" carboxylic and coordinated carboxylate groups at ~ 1700 cm -1 and 1600 cm -1 respectively. This strong evidence prove that only one of the two carboxylic acid groups is bonded to the metal. The pyridine stretch is observed at ~ 1580 cm -1 in these newly synthesized complexes, which indicates the non -involvement of the pyridine nitrogen in the coordination. All these complexes show the ring breathing mode of the pyridine 18, 19 at about ~ 998 cm -1 . The absorption bands at 450 cm -1 are assigned to v(Zr-O) stretching vibration 20 . The electronic spectra of all the complexes recorded in the chloroform show fairly intense bands between 250.2 and 272.4 nm which can be assigned to the charge transfer band 21 and is in the accord with their (n-1)d 0 , ns 0 electronic configuration.
On the basis of elemental analyses, spectral data, electrical conductance and magnetic susceptibility measurements, the following (I & II ) structures can tentatively be proposed for the complexes, (C 5 H 5 ) 2 Zr(L)Cl and (C 5 H 5 ) 2 Zr(L) 2 , respectively. 
